BACKGROUND/OBJECTIVES: To examine associations among eating frequency, energy intake and body weight at baseline, as well as associations among change in eating frequency and change in energy intake and weight during a 12-week successful weight loss intervention in overweight and obese postpartum women. SUBJECTS/METHODS: Sixty-one Swedish women with pre-pregnancy body mass index of 25-35 kg/m 2 completed a 4-day diet record at 10-14 weeks postpartum (baseline) and 12 weeks later (post-intervention), which were used to calculate energy intake and eating frequency, that is, the mean number of intake occasions per day. RESULTS: The women had a mean eating frequency of 5.9 ± 1.2 intake occasions at baseline. A positive association was found between eating frequency and energy intake at baseline (b: 307±46 kcal, Po0.001), whereas no significant association between eating frequency and weight was observed (b: 2.3 ± 1.2 kg, P ¼ 0.063). During the intervention period, reduced eating frequency was positively associated with energy intake reduction (b: 169 ± 69 kcal, P ¼ 0.017) whereas no significant association was found with weight loss (b: 0.9±0.7 kg, P ¼ 0.179). Women receiving dietary intervention reduced their eating frequency more during the intervention period than did women not receiving dietary intervention ( À 1.0 ± 0.7 vs À 0.5 ± 1.1, P ¼ 0.001). CONCLUSIONS: A positive association was found between eating frequency and energy intake at baseline and between reduced eating frequency and reduced energy intake during a 12-week weight loss intervention in overweight and obese postpartum women. Intervention studies on eating frequency are warranted to elucidate its effect on energy intake and weight among postpartum women.
INTRODUCTION
Obesity is an increasing health problem globally, 1 contributing to a significant reduction in life expectancy due to type 2 diabetes, cerebrovascular and cardiovascular diseases and certain types of cancer. 2, 3 In women, the development of obesity often occurs during reproduction due to excess weight gain during pregnancy, postpartum weight retention and lifestyle changes in relation to child rearing. [4] [5] [6] [7] Although the average weight gain following pregnancy is 0.5-3.0 kg, 6 a large variation in weight development is observed in most studies, and 14-20% of women retain X5 kg after pregnancy. 4 In addition, women are entering pregnancy at increasingly higher weights and are thereby experiencing greater risks of pregnancy complications and adverse pregnancy outcomes. [8] [9] [10] Thus, identification of factors that can assist postpartum women in returning to pre-pregnancy weight, and further lose weight when overweight or obese, is greatly needed.
Eating frequency has been hypothesized to influence energy intake and thereby weight. [11] [12] [13] However, there is a lack of consistency among previous studies, and research aiming to answer this knowledge gap is struggling with a variety of methodological problems. 11, [14] [15] [16] Early epidemiological studies reported an inverse relationship between adiposity and overall eating frequency, indicating that a high eating frequency would be preferable in obesity prevention. 17, 18 However, more recent studies demonstrate a higher eating frequency in obese women than in normal weight women, 19, 20 and several studies have found a positive relation between eating frequency and energy intake. 19, [21] [22] [23] In the Stockholm Pregnancy and Weight Development study, a trend towards lower snacking frequency was found in women with successful return towards pre-pregnancy weight, although not statistically significant. 24 In conclusion, the importance of eating frequency as the determinant of energy intake and weight is unclear and so is the role of eating frequency in the prevention and treatment of overweight and obesity.
In the recently conducted LEVA (Lifestyle for effective weight loss during lactation) trial, a 12-week dietary behaviour modification treatment resulted in a reduced energy intake and clinically relevant weight loss (B10%) among overweight and obese postpartum women, and this was sustained 9 months after intervention termination. 25 Here we aim to examine associations among eating frequency, energy intake and weight at baseline and associations among change in eating frequency, change in energy intake and change in weight, respectively, during the intervention. Finally, we also investigate the effect of the diet intervention on eating frequency during the intervention; see Figure 1 for conceptual framework.
MATERIALS AND METHODS Subjects
Data were obtained from the LEVA study, a randomized controlled trial among overweight and obese lactating women in Gothenburg, Sweden. The aim of LEVA was to investigate the separate and interactive effects of a diet and exercise behaviour modification treatment on body weight and body composition in both the short (12 weeks) and long (1 year) term. The study participants and study design have been described in detail previously. 25 In short, women with a self-reported pre-pregnancy body mass index (BMI) of 25-35 kg/m 2 and the intention to breastfeed for 6 months were recruited between 2007 and 2010. At 10-14 weeks postpartum, 68 women were randomly assigned to four intervention groups; dietary behaviour modification group (D), physical exercise behaviour modification group (E), dietary and physical exercise behaviour modification group (DE) or control group (C). The intervention lasted for 12 weeks, and at the end of the intervention (that is, 22-26 weeks postpartum, indicated below as 12 week) all baseline measurements were repeated. The study was approved by the regional ethical committee in Gothenburg and informed consent was obtained from all participants.
Brief description of the intervention groups
Women in the diet group (D) received 2.5 h of structured individual dietary behaviour modification counselling by a dietician: 1.5 h at the start of the intervention and 1 h at a follow-up visit after 6 weeks. The women were instructed on how to achieve an energy reduction of 500 kcal per day by following a diet plan consisting of four key steps focusing on (1) limiting sweets, savoury snacks and soft drinks to 100 g per week, (2) introducing low-fat and low-sugar foods, (3) covering one-half of the plate with vegetables at lunch and dinner and (4) reducing portion sizes. The women were told to introduce the key steps one at a time, according to a stepwise weight-determined accumulative change plan, in order to achieve the weekly weight loss goal of 0.5 kg. Also, the women were encouraged to eat three main meals per day and told that eating snacks was a matter of personal choice and preference; however, the number of snacks should not exceed three per day.
Women randomized to the exercise group (E) received an individual physical exercise modification plan by a physical therapist who provided the women with the same amount of support and counselling as the women in the diet group. The goal of the exercise intervention was to implement a 45-min brisk walk 4 days per week at 60-70% of the maximum heart rate.
Women in the combined diet and exercise group (DE) received both diet and exercise intervention for a total of 5 h of individual counselling. The control group (C) did not receive any intervention or counselling (that is, usual care) and were asked not to engage in any other lifestyle modification program during the study period.
Measurements at baseline and 12-week follow-up Dietary intake. Dietary intake was measured using a weighed diet record during 4 consecutive days, preferably Wednesday through Saturday. Women were provided with an electronic scale (HR2395, Philips, Drachten, Netherlands) and instructed to register all foods and beverages in as much detail as possible, to weigh the amounts to the nearest 1 g and to record the time for each intake. Women were told not to divert from their usual food choices or habits, as their diet record at baseline would be used to construct their dietary intervention plan if they were randomized to the dietary treatment. Dietary intake was calculated using the software Dietist XP (version 3.2, Kost och Nä ringsdata, Bromma, Sweden), based on the Swedish Food Database 2010 and data from food manufacturers.
Physical activity level. Total energy expenditure was measured using the doubly labelled water method, and resting energy expenditure was measured with indirect calorimetry using a Deltatrac II Metabolic Monitor ventilated hood system (Datex-Ohmeda, Helsinki, Finland). In this present study, physical activity level (PAL), calculated as total energy expenditure divided by resting energy expenditure, was used as a measure of physical activity.
Weight and height. Body weight was determined after an overnight fast to the nearest 0.1 kg by using an electronic scale (MC 180 MA; Tanita, Tokyo, Japan), with women wearing light underclothing. Height was measured by using a wall-mounted stadiometer.
Eating frequency
In this present study, data from the diet records were used to calculate eating frequency, defined as the mean number of intake occasions during the 4 registered days at baseline and 12 week, respectively. Further, an intake occasion was defined as an energy intake of X50 kcal, including foods and/or beverages, separated in time from the preceding and following intake occasion by at least 30 min. Similar definitions have been used previously to assess eating frequency in diet records. 15, 26, 27 When reported foods were not available in Dietist XP, data on energy content were taken from each food manufacturer's website. When information regarding the amount or weight was missing, standard servings in Dietist XP were used.
Statistical analyses
Student's t-test was used to compare normally distributed variables between the two groups, and paired samples t-test was used to evaluate changes within the groups. Mann-Whitney U-test was used to compare non-normally distributed variables between the two groups, and Pearson Chi-square test was used to compare categorical variables between the groups.
Multivariate linear regression was used to examine associations among eating frequency, energy intake and weight at baseline as well as associations among change in eating frequency and change in energy intake and weight during the intervention. The following variables were evaluated as potential confounders when relevant: education, parity, age, PAL, energy cost of lactation, dietary treatment, weight, energy intake, and change in relevant variables between baseline and 12 week. A variable was included in the multivariate model if the regression coefficient varied 410% when the variable was added to the model. 28 However, PAL was considered crucial to adjust for and was included in all regression models. Energy cost of lactation was calculated according to Butte et al. 29 by using the following estimations: a milk production of 749 g per day during exclusive breastfeeding, an energy density of milk of 2.8 kJ/g, and an energetic efficiency of 0.80. In addition, to account for the fact that some women were partially breastfeeding, information on infants' energy intake from complementary feeding, assessed by questionnaires at baseline and 12 week, were included. To investigate the effect of the diet intervention on eating frequency during the intervention period, the four original study groups were merged into two groups: dietary treatment (D þ DE) and nondietary treatment (E þ C). This variable was also used to test dietary treatment as a confounder in the regression models. Changes in eating frequency, energy intake and weight during the intervention were calculated as the value obtained at 12 week minus the baseline value, indicated below as delta (D). For the variable eating frequency, one outlier was excluded from all regression models. All data were analyzed using the SPSS software (version 20.0, IBM, Armonk, NY, USA). Statistical significance was considered at Po0.05.
RESULTS

Study population characteristics
Of the 68 randomized women in the LEVA-trial, 62 women completed the intervention period. During the intervention, one woman was excluded due to pregnancy and one woman due to prescription of a metabolism-affecting drug. Further, two women (one woman from the control group and one woman from the Figure 1 . Conceptual framework. The aim is to examine associations among eating frequency, energy intake and weight at baseline and associations among change in (D) eating frequency, D energy intake and D weight during the intervention. As the diet intervention resulted in a significant weight loss in the LEVA-trial, (Bertz et al. 25 ), we also investigate the effect of diet intervention on eating frequency.
Eating frequency, energy intake and body weight E Huseinovic et al exercise group) dropped out because they wanted weight loss and two women dropped out due to time constraints. In this present study, one additional woman was excluded because of missing diet record at 12 week. A higher parity (P ¼ 0.006), higher BMI (P ¼ 0.018) and greater proportion of partial breastfeeding (P ¼ 0.001) at baseline were seen for the seven women who dropped out or were excluded compared with the 61 women included in this present study (data not shown). Baseline characteristics for the 61 included women are found in Table 1 . All weekdays were well represented and equally distributed between the diet records at baseline and 12 week. At baseline, approximately 65% recorded three weekdays (Monday-Friday) and one weekend day (Saturday-Sunday), 30% recorded two weekdays and two weekend days and 5% recorded four weekdays. The proportions at 12 week were 60, 26 and 10%, respectively (4% missing information on weekday).
Eating frequency at baseline Women in the LEVA-trial had a mean eating frequency of 5.9±1.2 intake occasions per day at baseline, with the mean eating frequency ranging from 4 to 10 intake occasions per day. The number of intake occasions during weekends (Saturday-Sunday) were significantly fewer than during weekdays (5.5±1.5 vs 6.0 ± 1.4; P ¼ 0.011).
Associations among eating frequency, energy intake and weight at baseline and during the intervention A positive association was found between eating frequency and energy intake at baseline (Po0.001, Table 2 ); the regression coefficient indicates that when eating frequency is increased by one intake occasion, energy intake is increased by 301±47 kcal. The significant association remained also after adjustment for PAL (b: 307 ± 46 kcal, Po0.001).
No significant association was found between eating frequency and weight at baseline (P ¼ 0.187). The non-significant result remained also after adjusting for PAL and age (P ¼ 0.063). Likewise, no significant association was found between eating frequency and BMI at baseline (data not shown).
A positive association was found between D eating frequency and D energy intake during the intervention period (P ¼ 0.002, Figure 2) ; when eating frequency is decreased by one intake occasion, energy intake is decreased by 212 ± 64 kcal ( Table 2) . The significant association remained also after adjustment for D PAL and dietary treatment (b: 169±69 kcal, P ¼ 0.017).
Further, a positive association was found between D eating frequency and D weight during the intervention period in the crude analysis (P ¼ 0.003, Table 2 ), revealing a weight loss of 2.0±0.7 kg when eating frequency is reduced by one intake occasion (P ¼ 0.003, Table 2 ). However, the association became non-significant after adjusting for D PAL, eating frequency at baseline and dietary treatment (b: 0.9±0.7 kg, P ¼ 0.179). Eating frequency, energy intake and body weight E Huseinovic et al
The effect of diet intervention on D eating frequency, D energy intake and D weight As previously reported by Bertz et al., 25 energy intake and weight were significantly more reduced in women receiving the dietary treatment compared with women not receiving it. In this present analysis, we found that the dietary treatment group also reduced their eating frequency significantly more during the intervention period than did the other group ( À 1.0 ± 0.7 vs À 0.5 ± 1.1) (P ¼ 0.001, Table 3 ). However, both groups reduced their eating frequency significantly during the intervention (Po0.001 vs P ¼ 0.020).
DISCUSSION
We set out to examine associations among eating frequency, energy intake and weight at baseline as well as associations among change in eating frequency and change in energy intake and weight during the 12-week intervention period in the LEVAtrial. At baseline, we found a positive association between eating frequency and energy intake and a tendency for higher weight with higher eating frequency. During the intervention, we found that reduced eating frequency was positively associated with energy intake reduction, but no association was found with weight change.
Our findings are consistent with several previous studies where frequent eating has been related to higher energy intakes and/or obesity. 16, [19] [20] [21] [22] [23] 30 Howarth et al. 21 found that eating frequency was positively associated with energy intake and that eating more frequently than three times per day was associated with being overweight or obese among US adults. In line with our study, Drummond et al. 22 found a positive correlation between eating frequency and total energy intake but no relation with weight in a cross-sectional study of 47 UK women with BMI ranging from 18 to 30 kg/m 2 . In a prospective study of Swedish women, Ohlin et al. 24 investigated several behavioural factors that could affect weight changes after pregnancy. In that study, return to prepregnancy weight was found more often in women with regular lunch habits, and a trend towards lower snacking frequency was seen in women who returned to ± 3 kg of pre-pregnancy weight.
However, several intervention studies have found no association between eating frequency and changes in weight. Bachman et al. 27 randomized overweight and obese US adults to three eating bouts per day or grazing (eating at least 100 kcals every 2-3 h) during a behavioural weight loss intervention and found no significant differences in energy intake reduction or BMI change between the two groups at 6 months. Moreover, no difference in weight loss or energy intake reduction was found at the 1-year follow-up among 93 Swedish obese subjects randomized to three meals or three meals ± three snacks at baseline. 31 However, the discrepancy in eating frequency between the two groups was not as large as intended; thus, this might have diminished the possibility of detecting a difference in weight loss caused by the different eating patterns.
One reason for the heterogeneous results among previous studies might be the lack of a standardized terminology and the wide range of assessment methods used to analyze eating frequency, making interpretation and comparability between studies problematic. 11, 14, 15 Moreover, both post hoc changes in eating frequency among obese subjects and under-reporting of intake occasions, especially snacks, may further contribute to the inconsistent results demonstrated in cross-sectional studies. 12, 16, 32, 33 In the LEVA-trial, estimations of the true energy intake at baseline (based on data on total energy expenditure from doubly labelled water method, estimations on milk energy output and assuming weight stability) indicate that women underreported energy intake to the same extent, or even less, than previously reported among Swedish postpartum women. 34 However, as intake occasions are commonly under-reported together with energy intake, 16, 32 eating frequency may also be underestimated at baseline.
There are two alternative hypotheses regarding the role of eating frequency for energy balance. The first suggests that a high eating frequency reduces total energy intake by helping individuals to spread their energy intake across the day and thereby keeping hunger and portion sizes under control. [35] [36] [37] The second conversely proposes that frequent consumption of foods and caloric beverages increases total energy intake by adding energy without compensatory adjustments at the following intake occasion. 16, 38 Our results from the baseline measurements support this second hypothesis, as we found a positive association between eating frequency and energy intake. This was early advocated by Booth, 39 who described that suppression of appetite by a modest amount of energy consumed between meals is not likely to last longer than an hour, suggesting that additional intake occasions do add to the total energy intake uncompensated. This was also described by Marmonier et al., 40 who found that energy intake at dinner was not affected by consumption of snacks 215 min after lunch. Further, our finding during the intervention suggests that reduced eating frequency might have been one contributing factor, among others, for the achieved energy intake reduction; however, our data do not allow conclusions on causality to be made. In the future, more randomized trials are needed to establish whether frequent eating might impede energy intake restriction and thereby weight loss.
For the association between change in eating frequency and change in weight during the intervention, the significant association disappeared after adjusting for confounders which may reflect that both change in eating frequency and change in weight are concomitant outcomes of a common predictor, that is, the dietary treatment. We found that women who received dietary treatment reduced their eating frequency more than women who did not receive dietary treatment (although a significant reduction was seen within both groups). Concurrently, women in the dietary treatment group reduced their weight more than did women in the other group. Thus, this likely explains the large difference observed between the crude and adjusted regression analysis. Eating frequency, energy intake and body weight E Huseinovic et al
Several studies have suggested that eating frequency might have diverging effects on energy balance in normal weight vs obese subjects. In normal weight adults, energy intake does not seem to change with different eating frequencies, indicating that energy consumed in between meals is adequately compensated for during the following intake occasions. [35] [36] [37] However, in obese subjects, total energy intake has been reported to increase with increasing eating frequency. 19, 20, 23, 30 Further, it has been proposed that foods frequently consumed as snacks may differ between normal weight and obese subjects. In line with these theories, Berté us Forslund et al. 19 reported more frequent snacking in Swedish obese women compared with a reference group and found that energy intake increased more by snacking frequency in obese than among normal weight subjects. In the LEVA-trial, 20-30% of the baseline energy intake consisted of sweets, ice cream, soft drinks, crisps, nuts and dessert cheeses (unpublished results). As previous studies have reported an increased prevalence of energy-dense foods such as desserts, salty snacks, sweets and caloric beverages consumed as snacks, 41, 42 the high consumption of these food groups could explain the positive association found between eating frequency and energy intake at baseline. Further, the first step of the LEVA diet plan focused on limiting intake of sweets, biscuits, soft drinks, and so on, to a total of 100 g per week. Thus, if the women reduced their eating frequency by removing fatty and sweetened foods and beverages consumed in between meals, this would explain the association found with energy intake reduction.
There are some limitations in this present study. As eating frequency was defined as the average number of intake occasions per day, the separate effect of meals vs snacks cannot be distinguished. Previous studies investigating snacking have mostly used subject-defined intake occasions 21, 27 or meal frequency questionnaires. 19, 20 In this study, we used dietary records to investigate the behavioural aspect of frequently consuming foods and caloric beverages throughout the day and found an eating frequency of 5.9 intake occasions per day at baseline, which is in line with previous studies that have reported 6.1 meals 20 and 5.9 intake occasions per day 19 among obese Swedish women. Moreover, as the women were well-educated volunteers with a pre-pregnancy BMI of 25-35 kg/m 2 , an eating frequency ranging from 4 to 10 intake occasions per day, 93% still breastfeeding at 6 months postpartum and with most women staying home on parental leave during the intervention, they are not representative of all postpartum women. 25 Further, we can only speculate as to what effect the meal pattern advice had among the women who received the dietary treatment. However, it is likely that eating frequency was reduced as an attempt to reduce energy intake and not as a result of the advice on meal patterns per se as it composed a minor part of the diet plan.
One strength of this study is that we used repeated measurements to investigate change in eating frequency in relation to energy intake reduction and weight loss. Additional strengths are the well-completed diet records, which enabled us to use an objective definition of an intake occasion, the even distribution of weekdays at baseline and 12 week and the fact that we used reference measurement methods to control for physical activity, previously hypothesized to impact the association between eating frequency and weight in women. 22 In order to prevent pregnancy-induced obesity, it is necessary to identify factors that can assist postpartum women in returning to pre-pregnancy weight. We found a positive association between eating frequency and energy intake at baseline and also that reduced eating frequency during an intervention was associated with energy intake reduction. Intervention studies are warranted to elucidate the effect of altered eating frequency on energy intake and weight among postpartum women.
